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* have.the stress tensor Op ” and ite ootet generalisations _Om,

'_u thedr sources. Congequences of this hypothesis are examineds

v

It 15 suggosted that-the recently discovered 2 partioles ..
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;  f §f1 It is an attractive oonjecture that the singlet f°(2+) ‘ _'   1',

" ourrent may be associated with the energy-momentum tensor opv -

~ .

~ﬁ the hypothesais of "atrong gravitation". If this conjeoture is

- tzme, tho algebra of e"v'may provide a olue to the struoture

B of the strong Hamiltonianf 8oo(x)d35:’." One may make the further

‘. ‘nypothesis that the remaining members of the 2% nonet are 1ikewise

assooiated with a tensor opi’(i ® 0y1peeeeasd) wééaoasing appropriate

. 5U(3) transformation propertiess - In this note we examine how far such '

\.

. a hypothesis can be earried, basing'ourselves on a quark modol(1) for

the strong stress-tensor as well as for the structure of the 2? and

| other partioles.

-

8.2 A 2+ particle ia desoribed by a symmotiriocal, oonserved, traceless

tengor. The oonventional stregs tensor is aymﬁetrio and oongexrved but

not traceleoss. Also, although it 1s oasy to find fhe SU(3) generalisation

Gp; of a given'htreas tensor Opl,, au&h goneralisations are oonserved

only in epecial oiroumstances for i o o. The physioal identifioation

of the 2* ourrents with 0“; muat thgreforc take acoount of this laok of

1o

o



BT T

A L ‘l'T-’l

with all particles through their masa(aj ¢ This oould of course dbe

_ directly tested by ocomparing decay rates such as (F‘.’ -> M)/(Fo ~»» BB).

26

"

oonservation as well as of the trace conditions. However before
~we make this identifioation, consider the type of sum rule one ma.r
obtain in an idealised situation where one assumes the existence . :‘

of & hypothetiosl F° with the curvent J, proportionsl to'the

tracelesgs part of ew ..

The moat immediate consequence of the assumption that the F°: .

~ ourrent is proportionsl to the stress tonsor is that ¥® oouples

o

[y

In praotice since the only relevant decays are into paeudoscalar

mesons with the effeotive coupling always written as =,

%‘. va(q) (p+p'J"(p+P')v p(p) p(p*), the test is not a stringent onee |

A better place for testing the hypothesis is to oompare 2+ exochange
prooessese. For example, assuming that F° 1iea on the Pomeranchuk
trajeotoxry, we would obtain the relative magnitude of the ,ooupling'

oonstanta of F° to mesons (M) and nuoleons (¥) by comparing ,high'energ:}

re
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total oross seotions for ' MY 'and NN poattoring. In making any such:
" teat it is quite oruclal that we keop track of all mass faotors and we
_. . )

shall therefore present the argument in some detail.

The matxrix elements of - between, one-particle states have

()
" been disoussed by Piago]..a." For soalar staten,

BN OPIIEND Ip >= irurvr,(qn (e q,,q,; rchz)

"~ For spinor states

3

" (2) <P'] 4,500) [p,>= ﬁ(r")'_" i (42, +y,R) 6(a%) N u(p)
PRSI | 1 2
}k = - . R ™y Pqu 02(q )
| +d (qasm, - q,q,) 64(a®) - ]
’ -

where P = ptp'y g = p=p' and the houndary values F1(o) -1,
G1(o) + 92(0) = 1 assure that the diagonal matrix element is -
<m, o | 00 ']m NP 2a° in eocordance with our normalisation

©_ oonvention ¢

<p'|2> 8% = u?) - 2 64 ep') 5 T = 2a

LT LT
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In order to fix invariant faotors that ooour in Regge formulas,
i ' ‘.«.. we first consider the oonventional Feynman disgram tor 1° exchange with

B ) N .
LTI A

" our basio assumption that the Eo vertex equals

~ .
L]

S 1, G = <a a0 2> (oA

i
¥ .

. where G/M is a universal facton by hypothesiq.‘ IThF'a | the Boxa term
ie | o K 7 'I_. { . |
o HRNEN) = d T () fugalal (ENR)

 with

D) @ = 3L ag(@anke) « gfa) -‘-’N“‘.ﬂ;_; |
| Dl e e
3 SN G
vl = g, R R :
| P Ce
For M- and U-N soattering, the P,(cosd,) terme are - . .

| 4) Ty - [‘m(t)J P, (oos9,) |
. o X . mg

'y .
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e Iwharo; t S . ‘\ ,
S ;
. ‘\ ?ﬂ(t) .-"_" ~ /g (3t - Pz.) F1(t) (ﬁ) |

% (5) = /:23 u(p Zm(P) . (—}fm?) {01&) + Gz(t?,](%)

r
.

- Aocording to the standard Reggelsing prescriptions we foplaoo P2(°°39)
_ t o EE
| ima(t) 5
by $qats (14 ) P ;. (cosd,) +to obtain the Regge smplitude
, a($)'7.77t |
sinma(t) ' _ e

for the F° trajeotor:y'. "~ As ptated before we here make the furthe

* hypothesis that thie is the Pomeranchuk trajectory itself and will

dominate all high energy elastioc soatterings By the optioal‘ theoran

In'T = 8 a,total’ we got
tot 2 e
: . -

5)  _Twr o Mleomb)up Lo :

tot 2 ~oom

%X m” (0088, ),y
By the faoctorisation theorem, this equals O”N:':t / O‘;I?t 0
8 - u ) "8

In the above, (°°°°t)AB - p

[_(t“4m‘f)(‘ﬁ'4m§) l% 2m,m,

It is pruoial to note that in moat disoua_aiona the mass faotox 2mAmB

‘in the denominator of ootd, # °/2mAmB‘\ is replaced by a .universal
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length 8, thereby obsouring the significant xrole played by the

partiole masses. In faot our treatment of the hypothetioal.'Fp« o l

PR

would give the general predidtion i . - 7“ |
tot o
.o S omym, S
(6) S, DT as §= 0
tot o S
. %p '

We shall use'a modified version of this formula in Seotion 5for '

1

the aotual physioal situation. -y

l"

B.3 In this seotion we dexrive low-energy theorems for o
production uging current algebra methodse (A more general approach

using gauge teohniques is described in the appendix). Our basic

6e

notion is. that the gource of the F° ig the strong stress tensor which

is made up of qﬁark fielda. Thia stress tensor does not contain
expliolitly the F° field itself because we assume F° (as well as

" other partioles) to be quark oompoaitesf The quark struoture of‘Fo,
however, is irrelevant for conaiderationé‘of'this section.

For any local operator ¢(x) we expect. that ,
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&F [0 #e) ] 5 aptx)

It follows thereforé that

D Bzgry) [ 8, 4x) ) )e 184y 0 9(x)
T J(x,r)o |

_where PLOR § must oonsist of terms ocontaining epatial derivatives of ,

& =functions as well as of other oj)erators(” “and suoh that

-

.f"EjRj(xJ d3£? - 0.‘ Lot g(y).. stand for the % '-moson field and

|
,

oconsider the production process 7 s p-*I-‘o + ne " OQur identifiocation
of the F° ourrent with ouv gives the sum rule,

s -y _
(e = 0P ? ] (phamek) = - Saop'), (o DI, Ry -
' o -'tirms
“4coyme where oonventionally,

(9)  (2m* 6 Hprepr-q) ¥, (p*4qspek)
o J d4= aly AT i (’62 - B 2) <p l'I' [8 {x) ¢(r)]] P>

| r(p yp) =<p’ ]f’WI > [(p-p'J J"

T A YRR R A AR AR R R I T e ———— e s e -

e tM’I ‘2" § T _» W L . ) "
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'For a spinless field like {#, all noncovariant opatial derivative

..toma P?IJJRJ on the right of (9) oan be droppede This uses the

ansatz of Feynman, Bjorken and Hquenberg(4), which asserts that the

conventional definition (9) for S~matrix amplitudes neede to be

" modified by subtracting frim-itf pfeoisely the nonoovariant terms

7 ‘1ike TR dn order.tp,restore covariance. We are thus left with

-

(1) [(rp')%h? ] o, (0 ywsmk) = = S5 (6Pu2) (op"), 0" s2)

A low energy thecrem follows when we take derivatives of (10)

at q = o, keeping the nuoleons on the mass shell s~

'] o o
(11) - (k2-p?) Mw(p',oxpold -3 kpkvr(p',p)
Relation (11) states that the soft produotion ampliitude equals the

periphexal oontributionuﬁ) (o exchange). * Although we should not

striotly identify the physical- £° with the hypothesical F° for
reasons given in the noxt section, it is emusing that the prodyotion

of £2 in the collisions oonﬁ}dered is almoat wholly periphéral(6)at .



" the oxgrapolated point ¢° = mpe .

. Bu4 So far we bave discussed @ hypothetical F® with the exaot
(ew) strong as its source. It is an‘open quoafion whether a
" singlet represented by such a particle exists in addition to the knom

. nonet, or whether F° oari'be identified with the singlet contained

N

therein, - In this seotion we wish to make a suggestion whioh treats all

-+ .lhg¢ members of the nonet on the same fouting. ' I

(1)
’

. - Ina Lagrangian quark model where for >example

. ‘ -' , Y
12) D ey % Ly, o= GEY = aly . n(@y)5
. the gtreps tensor has ‘the form
| : - i o o | :
D, = T A Y gy T
Wo chall assume that the dominant parte of the 2* nonet current are

obtained from

| i 4 SN S « i,
(14) Sy= 7 TG, w8 ) Ty - e AHE-0) Ty
4 i are bilinear in quark fields; if the 2t 'partiolea coptain' W’W!ﬁ

W

L NP

1

Co e »mﬁ?-m%ﬂ‘hﬁ '! tm#ﬂ"w"*m&iw- -’iupah« I T VR TR DR IO NI i
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and higher quark components, théso 'a.'r:'a at this etage being considered

| . | |
| lamull. Observe that the singlet ourrent, N 6 OW‘ - ‘ilw: g‘w I'i.nt )

where ¢ v is the full stress tensors It is imporiant to note that

L]

‘none of the & i "is oonserved except in the case that' the quarké are

w ¢

<

freos Thus for I':I.nt &iven above,

1 i '
OOy = 2 @ sll)'av('ﬂb‘)
" This lack of oonservation could mean that in general OP:'.

4

may have

+
'

" associated 1 - and ot states. It is possible to show that such

states possess no propagation charsoter using methods analogous %o

those of Desexr, Trubatch and 'J,‘:t-u'bai:ch(?J .

. | Iwm the quark commutation rﬁla, .

(15) o) [ gy (g ) 1e - a6t eyt T
+ Fo,0%x n}b ¢M=my

o i*e ' [{D+(x) i'%\skfsTi€4(x~x.)]

[

it is straightforward to derive the eque;l ﬁime commutation rule,




- 1.

' -(1§)I O ox-y) [ G:;U(x),\;lr\*(ar) Afy) ] .

th

-..- % . dﬂ:-y)[é,,(f{la'l'i}i”? + w*»[A’lrij ‘qub"] . - . :

4t ep,8 [y'l 1..,0.%'&_?1,‘—]‘0- ,6‘?‘?‘3’)__].'- : o
gyl st ]
4 Eaglplar g tw) ]

RN E SRR Y i A U Jeh I LA

+

2ho (x-y) [ 70 o ()] ¥*WAY (v)

+ possible Schwinger terms. '

i i. -
He:gp Tou ™. (gvll By ¥ o Yp)T ~ ie non~covariant.

- Once again let us apply the commutator to the peeudosoalar
mogons assuming for simplicity that their fields are repz"eaented"by

gd‘ -y YB'I'JV".. Dropping all non-oovariant terms (I'R), the commutator

simplifies to

o - S A wre e
L R P — N ST
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D gy o) [ @)y, )

o =F 1000y [ @0, 050 + AT () P ]
+ 2 =l @i e, iy ) 9) ]

The last term in ocorresponding to 1-+ ~entitles distinguishes one

*

, theory from enother; it would vanish for' no quax.'k interaction Lagrangian,

L

‘ " The terms proportional to fl; - '1{575 gvi'kw are however present in'

Lal cases and may correspond t0 a possible ol c -, 1*_. oota}
 (af, = o) thie might inolude the B particle if it existae.
‘Sandwiching (17) between nuoleon states, we obtain the covariant

Ward-Takahashi~like identity,

(k-u2)

(r=p' ),,I'k(p',p)

L
~

(18) .quuuid(P"Q!P:k) --rédi,dk
C ' (p-p')%u®

(%)

[ (p-p¥)%u?] |

+' b fi.‘]k

(+2'), (p',p)

. + 1_" oontributions from Dyng® .




13.
Here F° corresponds %0 't¢he 1" "charge" form faotor in
that < pf ;_f:f (o)) > = (p'\ré")',, Fk(p',p)'[(p-p')ajmz}":1._-., A low
.anergy-thebrem { for the‘gaso‘when qﬁaxk L;nt ;So)lfoli;wa hy:taging
the ;1m1§' qj_.o' in (10) 1 | - -

(19J2% ““:J (P'ipift}ﬁ) - didk kg:v 2 I k(P'_’PJ
' : : k= - 1

o 3 QN[ L kPR )] e oy

K% ~ n?

¢ 4

| Once sgain the‘deriQation of (19)-19 subjeot to'amhiguitiee inhe?ent

"in the ourrent algeﬁra teohniqné whioh.have baqn noted in the appendix.
As 1t stands (19) states that the amplitude is desoribed purely by the
lpéripheral diagrams (O-+ and '1+" exchange) with the apprﬁpriat; d and
£ couplings at the 2* meson vertices of the O and 1" partioles.
Without having full data on-2" production and its full analysis in

terms of invariant amplitudes, it is of course iﬁpoasibla to aay if (18)-

and (19) are likely to make any experimental sense and what the form of
Lint phould be = even whether it exists or not. It is however noteworthy

that all 2+ partioles are produoced peripherally as remarked previously

_ and further that the decays of the éf nonet eingle out the SU(ﬁ) invariant
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R
(A
«

vertex(af aiJk:1¢3¢F, from the three posaible oneas We nmay thorefOra

provisionally oonolude that the (hbnormai'c) spin ono entities I - and,

| 1% ocouple weakly to the nucleons.

L]

. Commutators of other ourrantscg) with the new current 8”;

should provide new sum rules. For ingtance taken with the vector ourrent

su:, will relate photoproduotion amplitudes to veotor form factorss

\

Even for pions one oould perform more sophisticated osloulations by using

the PsCeheCe hypothesis end evaluating [ e;, ) Ai,\ e

B.5 In section 4 we have ireated the entire nonei of 2t particles
‘on the same basis. None of their currents as defined in (14) is conserved, .

exoept if the quarks are free. It is ocommonly supposed in most quark
A

\

“ealoulations that the dominant effect of quark interaction lagrangian

'is & mass renormalizetion. Assuming this, we may make the hypothesis

that in ep; the m's whioh appesr ptand for the teffactive! quark magses

) , "
ang that eui are congserved to the extent that thia7musa renormalisation

takes acocount of Lint' We believe this is the pioture-whioh ig most likely

to approxigate'to the physical situation, The diagonal mnirix oelemonts of
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i

"ep; in particular are now proportiongl to the effeoctive quark mass

" oontent of the physical particles oconcerneds Thua relation (6) in

L3

this interprotation reads s

‘ " o_tot n,my
(20) :Bt - ( A )
o o0 Ig™p
, ©D offeotive
e N I .
where n, ~is the numbexr of quarks making up A.
Be By - A _ ! .
O‘NN ‘ ‘a » ’ 10)
The special case ] % is & result common to all quark modela.(

o My
" An alternative model to the above could be to separate the singlet

from the octet; to aﬁppoae;that the singlet is indeed the hypothetical F°

pf section 2 with the full st¥ess tensor‘as its current. (This model would
‘eortainly possess mofo exolting cosmological consequences)e The remaining
 ootet of currents are then systematioally derived by therfollowing

oonutruqtion. Extend the-ordinary field dispiaoemeﬁt by kaing the

- A
[}

variation - e | '

L A P N €

- L3 T W e M e ke e
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o The change in Logrange denaity

§L o al
6L N, 40 u 6,—-6-—)- 9,9 ]

- can in general be written as a sum of & gradient term 7\"116“ Ini plug

a term A ud \'1 where ' V has non-vanishing ourle. - Then dofipe '

" .

1 $L ’ o &L : B
9 = N O
By i . Ea

' J(éptp) : v Pt o\ 6‘(67&') i r"‘P

Clearly :I.‘ = o0 gives the conventional stress tensor. Also -
o83 = ¥,y thue’for D, , givendn (12), Vi, = m(JT'¢) S, (Ty).
The modifications to be expeoted in (16) and (17) are &rivially obtained

gsince they only affect the interaction term he Because the conolusions

following upon (18) and (19) are unaltered we shall not discuss thia

gituation. any furthex.






